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INTERACTION BETWEEN ARGON AND DOPANTS I N  SPUTTERED a-Si:H 
M. Toulemonde, J .J .  Grob, J . C .  ~ ~ u ~ ~ r e * ,  A .  ~ e n e u v i l l e * ,  H.  ~amdi*  and P.  
Sif  f e r t  
Centre de Recherches NucZlaires, Groupe de Physique e t  Applications des 
Semiconducteurs (PHASE), 67037 Strasbourg Ceder, Prance 
* Groupe des Transitions de l'hases, C.  IV'. R. S., 38042 GrenobZe Cedex, France 
Abstract.  - The concentrat ions of A s ,  B ,  H ,  Ar and S i  i n  spu t te red  
a-Si:H a r e  measured by helium Rutherford backscat ter ing and nuclear 
reac t ions  ana lys i s .  Excess o r  d e f i c i t  of  hydrogen and argon by com- 
parison with i n t r i n s i c  a-Si:H a r e  found i n  presence of  dopants a t  
high deposi t ion r a t e .  This is r e l a t e d  t o  t h e  plasma deposi t ion method 
and would suggest micro gra in  s t r u c t u r e  i n  the  deposited layer .  
Introduct ion.  - In making spu t te red  amorphous s i l i c o n  it is impossible t o  avoid 
t h e  presence of argon. In contrary t o  hydrogen, the  r o l e  of which i s  understood 
(1, 2 ,  3, 4 ) ,  t h e  argon was always considered a s  inac t ive .  In  t h e  present  work the  
var ia t ion  of A r  concentrat ion i n  i n t r i n s i c  a-Si:H and doped a-Si:H w i l l  be determi- 
ned and the  possible  i n t e r a c t i o n s  with o ther  spec ies  of t h e  matrix w i l l  be discussed 
i n  term of amorphous s t r u c t u r e .  
Experimental methods. - The samples used i n  t h i s  s tudy,  were prepared a t  190°C by 
r f  cathodic spu t te r ing  of a s i l i c o n  t a r g e t  with d i f f e r e n t  combinations of t h r e e  re-  
a c t i v e  gas mixtures a t  a t o t a l  pressure of 9 x 10-3 t o r r .  The pourcentage of dibo- 
rane has varied i n  o rder  t o  prepare d i f f e r e n t  samples with d i f f e r e n t  concentration 
of boron. The s u b s t r a t e  t a r g e t  holder were kept a t  values corresponding t o  deposi- 
t i o n  r a t e  between 20 i/mn t o  150 g/m. Each sample was deposited on a 100 fi c-Si 
and t h e i r  thicknesses  have been measured by in te r fe rence  f r i n g e s .  
Ar and S i  concentrat ion was deduced from Rutherford backscat ter ing mea- 
surements. Hydrogen was p r o f i l i n g  using t h e  1. ( l s ~ ,  a ) 12c reac t ion  (1,5) and the 
boron p r o f i l i n g  and/or concentrat ion were deduced from "B ( ~ , a ) ~ ~ e  reac t ion  a t  Ep = 
163 keV (6,s). 
Results and discussions.  
I n t r i n s i c  a-Si:H. The r e s u l t s  a r e  show on f i g .  1 where t h e  evolut ion of A r ,  H and 
S i  versus t h e  deposi t ion r a t e  a r e  reported.  These values a r e  determined by compari- 
son t o  the  number of atoms i n  a c r y s t a l l i n e  s i l i c o n .  The argon concentration a t  
200 i/m has been determined a t  Montreal ( J . C .  BruyBre e t  a l .  p r i v a t e  communication) 
The f i r s t  remark i s  an inverse evolut ion of t h e  H and Ar compared t o  t h e  s i l i c o n ,  
more s i l i c o n  i n h i b i t s  t h e  introduct ion of argon and hydrogen. The second remark is 
the two order  of magnitude change i n  the  spin dens i ty  measurement ( 7 ) .  Moreover a t  
high deposi t ion r a t e  a posthydrogenation did not  change t h e  number of spin.  Conse- 
quently it seems t h a t  the  dense matrix d id  not allow t h e  d i f fus ion  of hydrogen to- 
wards the  e x i s t i n g  defec t s  when a f t e r  the  deposi t ion.  A s  i n  a glow discharge prepa- 
r a t i o n  even f o r  a dense matrix the  number of sp in  does not kept so high values ( e ) ,  
i t  appear t h a t  t h e  inc lus ion  of argon i n h i b i t s  the  p o s s i b i l i t y  of t h e  hydrogen t o  
s a t u r a t e  t h e  e x i s t i n g  defec t s .  
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Doped a-Si:H. The f i g .  2  shows t h e  
evolut ion of B and 14 a s  a  funct ion 
of t h e  i n i t i a l  gas  mixture. The do- 
pant e f f i c i e n c y  i s  around 55 a t  low de- 
pos i t ion  r a t e  and 12 a t  high. A t  low 
boron concentrat ion,  t h e  hydrogen 
concentrat ion reach t h e  one determi- 
ned i n  i n t r i n s i c  a-Si:H. This incor- 
porat ion i s  i d e n t i c a l  t o  t h a t  of a r sen ic  
(10). Now concentrate  our purpose on 
samples prepare a t  high deposi t ion r a t e  
(130 i/min) and high doping l e v e l .  
The d i r e c t  l i n k  between dopants (B,P 
and AS),  and hydrogen has been 
shown previously ( 9 , 1 0 , l l )  . Moreover 
on t h e  following t a b l e  we can see t h a t  
the  argon concentrat ion is low i n  
  able 1 : mean concentrat ion (%) 
dopants H Ar 
n layer  (As) 5 13 1 
p l ayer  (B) 5 4 7 
t h e  n l ayer  compare t o  i n t r i n s i c  
a-Si:H and high i n  t h e  p l ayer .  A s ,  
when dopants a r e  implant i n  amorphous 
a-Si:H t h e  hydrogen concentrat ion i s  
not influenced i n  t h e  same manner 
(F.J. Demond e t  a l .  p r i v a t e  communi- 
ca t ion)  t h e  var ia t ion  of hydrogen and 
argon should follow t h e  amorphous 
nucleat ion during t h e  deposi t ion.  
One possible  explanation would 
suggest t h a t  t h e  nucleat ion proceeds 
by microscopic amorphous gra in  ( 4 )  , the  
dopants standing mainly a t  t h e  sur face  
of t h e  g ra in .  Indeed t h i s  could explain 
t h a t  a t  g ra in  boundaries it is  poss ib le  
t o  add argon atom when t h e r e  i s  no 
hydrogen a s  it i s  t h e  case  with boron 
and the contrary with a r sen ic .  A s  
t h e r e  i s  l e s s  hydrogen with boron dopant, 
t h i s  would suggest t h a t  boron a c t  a s  
d e f e c t s  passivat ion.  These d e f e c t s  
could be i n  t h e  volume of t h e  arnor- 
phous gra in  and not a t  t h e  sur face ,  
but it would be then d i f f i c u l t  t o  add 
more argon, except a t  t h e  g ra in  boundary 
s ince hydrogen l inked t o  the  s i l i c o n  
would s tand here. 
Pig. 1 : H ,  S i ,  Ar concentra- 
t i o n  ($1 and spin dens i ty  
(cm-3) 
Fig. 2 : B and hydrogen incor- 
porat lon a s  funct ion of gas 
mixture f o r  high and low 
deposi t ion r a t e  
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